sn-1,2-Diacylglycerol (DAG) mass and translocation of protein kinase C a and ,B to a membrane fraction increased -7 min after insemination of Xenopus laevis eggs. The DAG mass increase of 48 pmol (from 62 to 110 pmol/cell) was greater than that for inositol 1,4,5-trisphosphate (1P3; an increase of -170 fmol or -280-fold smaller than the DAG increase), and DAG peaks -5 min after IP3. Choline mass (a measure of phosphatidylcholine-specific phospholipase D) also peaked before DAG and the choline increase (134 pmol/cell) was greater than that of DAG. There was no detectable change in phosphocholine mass (a measure of phosphatidylcholine-specific phospholipase C). During first cleavage, DAG decreased, PKC translocation was low, and choline increased and peaked (whereas published work shows an increase in IP3 mass). Artificial elevation of intracellular calcium ([Ca2+] 
INTRODUCTION
The events of fertilization may be directly or indirectly due to phosphatidylinositol 4,5-bisphosphate (PIP2)' breakdown to inositol 1,4,5-trisphosphate (IP3) and sn-1,2-diacylglycerol (DAG; Turner et al., 1984; Whitaker and Irvine, 1984; Kamel et al., 1985; LePeuch et al., 1985; Ciapa et al., 1992 , Stith et al., 1993 Ciapa et al., 1994) . A sperm-induced increase in IP3 and intracellular calcium ([Ca2+I1) are thought to be responsible for fertilization events such as membrane depolarization, cortical granule breakdown, intracellular pH increase, and the induction of other developmental events (for Xenopus, Busa et al., 1985a,b;  Kline, 1988; Grandin and Charbonneau, 1992) . DAG, the other second messenger, may also play a role in fertilization. By acting as an activator of protein kinase C (PKC; Nishizuka, 1992) , DAG may induce DAG, sn-1,2-diacylglycerol; IP3, inositol 1,4,5-trisphosphate; MBS, modified Barth's solution; PA, phosphatidic acid; PC, phosphatidylcholine; PIP2, phosphatidylinositol 4,5-bisphosphate; PKC, protein kinase C. resumption of endocytosis (Vasilets et al., 1990; Khan et al., 1991) , cortical contraction, cortical granule exocytosis, chromosome decondensation, nuclear envelope and Golgi reformation, and cleavage furrow formation in Xenopus laevis (Bement and Capco, 1989 , 1990 , 1991a . PKC may be responsible for elevation of intracellular pH in sea urchin fertilization (Shen and Buck, 1990) . DAG may act independently of PKC because DAG (but not the 1,3-isomer of DAG) regulates actin polymerization (Shariff and Luna, 1992) . DAG may be needed for sperm-egg fusion in the sea urchin as neomycin (which presumably inhibits DAG production) inhibits sperm-egg fusion but calcium chelators do not (Swann et al., 1987) . DAG may also act as a fusogen during cortical granule-plasma membrane fusion (Whitaker, 1987) . Harrison and Roldan (1990) suggest that an increase in sperm DAG during the acrosome reaction does not act as a fusogen or through stimulation of PKC but does act to stimulate phospholipase A2 and inhibit lysophosphatide acyltransferase to increase fusogenic lysophospholipids.
Counter to a positive role for PKC, Grandin and Charbonneau (1991) find that PKC inhibitors actually induce Xenopus egg activation and suggest that a decrease in PKC activity is necessary for resumption of the cell cycle [see Bement (1992) for a possible expla-nation for the discrepancy]. There is evidence for second negative role; phorbol esters (which activate PKC) inhibit the fertilization [Ca2+] i increase (Bement and Capco, 1990 ) and the [Ca2+] i and intracellular pH increase induced by ionophore (Grandin and Charbonneau, 1991) . PKC may terminate the fertilization [Ca2+] i increase in hamsters (Swann et al., 1989) but not sea urchin eggs (Ciapa et al., 1988) .
Using label turnover, Alonso et al. (1986) suggested that DAG does not change for 1 h after fertilization in toads. Yet Ciapa and Whitaker (1986) report a relative increase in DAG turnover to 1.44-fold over controls by 21 s after insemination with sea urchin gametes, a decrease at 40-60 s, and no pronounced second peak. By using a mass assay, Eckberg and Szuts (1993) demonstrated that DAG increased to 1.16-fold over controls within 5 min of fertilization of Chaetopterus eggs.
Because of methodology concerns, the conflicting published turnover measurements and the possibility of DAG acting independently of PKC, DAG mass measurement is important for an understanding of fertilization. As opposed to many turnover experiments, the DAG mass assay used in the present study records only the active sn-1,2-DAG isomer. Mass assays do not require prelabeling to near equilibrium (often, this is not demonstrated in turnover studies) but record the result of all synthetic and degradation pathways. In isolated rat glomeruli, incorporation of label into DAG followed a very different time course than DAG mass (measured in a manner similar to that of this article; Craven et al., 1990) . Radioactive precursors may not label all, possibly unknown, pools and the specific activity of the precursor pool may decline during stimulation. Finally, mass assays record an actual amount (not a relative change in turnover rate) that allows direct comparison with changes in the mass of other second messengers.
With mass assays, we report that DAG and choline levels increase after fertilization in X. laevis zygotes (even if elevation of [Ca2+] i is prevented), whereas there is no detectable phosphocholine change. During first cleavage, DAG declines whereas choline increases. We also compare these mass changes with those noted after artificial elevation of [Ca +ij, 1P3 mass changes (Stith et al., 1993 (Stith et al., , 1994 , and PKC translocation to a membrane fraction.
MATERIALS AND METHODS Fertilization
Frogs were from either Xenopus One (Ann Arbor, MI) or Xenopus Express (Beverly Hills, FL). Eggs and sperm were obtained and handled as noted earlier (Stith et al., 1994 Louis, MO) and poking experiments, eggs were dejellied in 2% cysteine for about 6 min and washed three times with 100 mM NaCl and 50 mM Tris (pH 7). In the ionophore experiments, control groups received an equal amount of the carrier solvent (dimethyl sulfoxide). Elevation of [Ca2+]i by ionophore was confirmed with a Quantex fluorescence system (Stith et al., 1993) and activation was confirmed in other groups of eggs by subsequent cortical contraction and pseudocleavage.
In some of the mass measurements, eggs were preinjected with a calcium-buffering solution consisting of 1,2-bis(2-aminophenoxy)ethane N,N,N',N'-tetraacetic acid (BAPTA) and calcium. The estimated final intracellular concentration of BAPTA was 5.5 mM and the BAPTA:calcium concentration ratio was 1.56:1. This ratio should have resulted in an estimated free [Ca2+]i of 345 nM (for more detail, see Stith et al., 1994) . Because we observed no contraction wave, gravitational rotation, or cleavage, there must have been no large [Ca21]i increase after insemination of BAPTA-injected eggs.
DAG Mass Measurement
The mass of DAG was determined using a DAG kinase assay developed by Bell and associates (for a detailed procedure using Xenopus cells, see Stith et al., 1991) . After fertilization, groups of 5-10 cells were homogenized in 1:2 chloroform:methanol and DAG was phosphorylated with the addition of [32PPATP (ICN, Costa Mesa, CA) and DAG kinase (Calbiochem, San Diego, CA or Lipidex, Westfield, NJ). The labeled phosphatidic acid was purified by TLC and radioactivity was quantified by liquid scintillation counting. The radioactivity in phosphatidic acid was proportional to the amount of DAG in the cellular extract.
As the number of eggs in the assay increased, the apparent amount of DAG in each cell decreased. In one experiment, the DAG per cell was determined in groups of 5, 10, 30, and 50 eggs. The resulting regression line was DAG (pmol per egg) = -26.507 X log(number of cells) + 51.9 (r = 0.97). In a second experiment, groups of 2, 5, 7, 10, and 15 eggs were analyzed. A similar line was obtained (DAG [pmol per egg] = -32.934 x log[number of cells] + 58; r = 0.99). Note that the regression lines calculate a correct value of 55 pmol per egg (at number of cells = 1; average of 52 and 58). These regression analyses were used to normalize data obtained from groups that differed in the number of cells analyzed. For example, data from groups of 5 or 10 cells were corrected by multiplying them by 1.5 or 2.1, respectively. If 30 pmol/cell was determined with a group of 10 cells, this value would be corrected by multiplying by 2.1 to obtain 63 pmol/cell.
In addition, various amounts of DAG (227, 453, 906, 1812 , and 2718 pmol; standards from Avanti Lipids, Birmingham, AL) were combined with homogenate from eight eggs. A linear relationship (similar to standard lines without egg homogenate) was obtained between DAG and the radioactivity in the sample (DAG [in pmol] = 0.758 (cpm) + 353, r = 0.96). Note that dividing the y intercept value (353 pmol) by 8 produces a value of 44 pmol/cell.
Before sampling for mass assays, we used an improved method (Stith et al., 1994) of washing zygotes to remove nonfertilizing sperm: because zygotes stuck to the container walls, gentle irrigation was used to wash away sperm. To confirm that the remaining sperm were neglible compared with the mass of 5-10 eggs, note that the DAG values at 3 and 5 min after addition of sperm to eggs were not significantly different from control egg levels (see Figure 2) were run with each experiment, and the fractionation ratio noted above produced choline and phosphocholine values that were within the linear range of standards (1,000-80,000 pmol).
To demonstrate the validity of the mass assays, egg homogenates were combined with either choline or phosphocholine. Egg homogenate was spiked with 500 pmol of choline and the choline from 50 eggs increased from 3856 + 213 (n = 4) to 4446 ± 186 pmol (n = 4); a difference of 590 pmol. In another experiment (n = 4), phosphocholine (4000 pmol) was added to egg homogenate and these samples were 4348 ± 268 pmol higher than the homogenate alone. In addition, there was a linear relationship between the number of eggs To confirm that nonfertilizing remaining sperm were not responsible for increased choline mass (as opposed to DAG, choline mass levels increased at 3 min after sperm addition), the amount of choline in remaining sperm was estimated. Much more than 53% of the excess sperm (the number 53% is based on a procedure utilizing an older less successful method of washing away sperm; Stith et al., 1994) is washed away; the remaining sperm would produce less than 5.9% error (0.53 x 9.5 million sperm added in the typical experiment x 132 amol/sperm = 664 pmol of choline in "residual" sperm; compare this with zygote values: 250 pmol/zygote peak average x 45 zygotes = 11,250 pmol). Finally, for time points at 8 min or after, there was no difference between the dejellied (in which remaining sperm were more effectively removed) and nondejellied zygote values.
Measurement of PKC Translocation by Western Blotting PKC activation was followed by measuring the translocation of the enzyme from the soluble to the particulate fraction. Forty eggs or zygotes were dejellied (2% cysteine, pH 8.0) and homogenized in 2 mM ethylene glycol-bis(,B-aminoethyl ether)-N,N,N',N'-tetraacetic acid, 20 mM Tris-HCl, 0.25 M sucrose, 1 mM phenylmethylsulfonyl fluoride, 50 ,ug/ml leupeptin, and 20 ,ug/ml soybean trypsin inhibitor. In a procedure developed by L. Jaffe (University of Connecticut Health Sciences Center, Farmington, CT), the homogenate was centrifuged (16,000 x g) for 10 min over a 200-jdl sucrose cushion (homogenization buffer with 1.5 M sucrose). The top layer was centrifuged again for 10 min (16,000 x g), and the pellet (the membrane fraction) was resuspended and applied to an 8% gel (equivalent amounts of protein by Bradford assay were added to each lane). Separated proteins were electrotransferred from the gel to polyvinylidene difluoride (Sigma) membranes with a Genie Apparatus (Idea Scientific, Corvallis, OR). In a control experiment, prestained protein standards (Sigma) were electrophoresed in all lanes of a gel and then transferred. As detected by band density (see below), similar rates of protein electrotransfer across the various lanes were noted.
We used two primary PKC antibodies: a monoclonal PKCa antibody (made against amino acids 270-427 of rat brain PKCa; Transduction Laboratories, Lexington, KY) with a secondary antibody (Sigma) directly linked to an alkaline phosphatase. Color was developed after addition of 5-bromo-4-chloro-3-indolyl phosphate/ nitroblue tetrazolium. The other primary antibody was a monoclonal antibody to PKC(3 (or PKC Type II; Seikagaku America, Rockville, MD) with the secondary anti-mouse IgG conjugated to biotin. Extravidin-alkaline phosphatase (Sigma) was added and color was developed as above. By a method proven accurate (Shea, 1994) , blots were scanned with a Scanjet IIcx (Hewlett-Packard, Greeley, CO), and pixel intensity was quantified with SigmaGel (Jandel Scientific, San Rafael, CA). Pixel intensity for the PKC band was the area under a plot of density versus horizontal distance across the blot.
Addition of phorbol ester (500 nM 12-0-tetradecanoylphorbol 13-acetate) to Xenopus oocytes demonstrated that there was an increase in PKC in the particulate fraction (three experiments). Because there was no measurable change in the amount of PKC in the soluble fraction [similar results were obtained with activated gastric chief cells by Raffaniello and Raufman (1994) When a PKC isozyme mixture (including a, 3, and r; total of 700 ng; Calbiochem) was preincubated with the PKCa antibody before addition to a blot that had the pellet fractions of 45-min-old zygotes, one band at 74 kDa disappeared. Due to this competition, the use of other PKC antibodies (a polyclonal to the C4 region, Santa Cruz Biotechnology, Santa Cruz, CA) that demonstrated a band at a similar molecular weight, and the translocation of this band by phorbol esters, we concluded that the PKCa antibody recognizes PKC in Xenopus cells. This Xenopus PKC had an apparent molecular weight of about 74,000. Both classic mammalian PKCs (e.g., PKCa, B, and ) and two cDNA clones of Xenopus PKC have four constant and five variable regions (note that other families of PKC lack the second constant region; Chen et al., 1989) . The cDNA sequence of the two Xenopus PKCs (671 and 676 amino acids) were found to be closely related to that for mammalian PKCa and (3.
Data Analysis
We report average and SEM and the number of determinations and utilize a one-sample two-tailed Student's t test (e.g., for relative changes) or a two-sample two-tailed unpaired Student's t test to test for significance.
RESULTS
Basal DAG, Choline, and Phosphocholine Levels in Sperm and Eggs Not surprisingly, the basal levels of DAG, choline, and phosphocholine for sperm in dilute medium were much lower than those for an egg ( Stith et al., 1993) , and less than (p < 0.0001) the basal amount of choline and phosphocholine. When sperm are transferred from 100% to 10% MBS, motility is induced. At this time, DAG and phosphocholine levels did not change and there was a decline in choline (Figure 1) . Because IP3 and DAG are produced simultaneously from the breakdown of PIP2, and sperm IP3 increases (by 3.7 amol per spermatozoon; Stith et al., 1993) during motility onset, there should be an increase in the amount of DAG equal to that for IP3. The inability to record this increase in DAG was not surprising because the expected change is only about 2% of basal DAG levels (reflecting a change from 130 to 133 amol of DAG per spermatozoon).
To mimic the conditions of fertilization, motile sperm were added to isolated egg jelly. After addition to egg jelly, the levels of DAG, phosphocholine, or choline in sperm did not significantly change ( Figure  1 ; note the trend toward an increase in DAG upon egg jelly addition). During this time, there is a decrease in IP3 mass (from 12 to 1 amol per spermatozoon; Stith et al., 1993) . DAG, Phosphocholine, and Choline Mass Changes after Fertilization After insemination (note that all time values are to be interpreted as time after insemination), DAG increased at 7 min, peaked at 110 pmol/zygote or 1.7 (± 0.11)-fold over control level (n = 9) and then returned to basal (Figure 2) . In some experiments, DAG peaked at 10 min and the 15-min value was lower, whereas in other experiments, DAG peaked at 15 min. By 45 min, DAG increased for a second time to 98 pmol/zygote (or 1.6-fold more than control level). After insemination, there was also a rapid (by 3 min) increase in choline mass ( Figure 3A ) but no change in phosphocholine ( Figure 3B ). As compared with the DAG measurements, there was much variation in basal and peak choline values, thus relative mass levels were graphed due to this interanimal variation. The average increase in choline to 2.19 (±0.314)-fold (n = 41) over controls at 15 min represents a change in choline from about 113 to 247 pmol/cell. Figure 4A ). Note that both the late DAG value of Figure 2 and the first DAG value of Figure 4A were elevated. Intermediate points will have to be determined to see whether DAG remains elevated from -45 min (Figure 2 ) to just before entry into cleavage. In contrast, choline values increased during cleavage ( Figure 4B ). Choline mass returned to basal level at 60 min ( Figure 3A ) and were low until just before cleavage (-90 min; Figure 4B ) then increased about 2.5-fold (or 135 pmol) during mid-cleavage. The choline increases at 15 min after insemination and during cleavage were of approximately the same magnitude.
Artificial Activation Intracellular calcium was elevated in dejellied eggs by two artificial means: poking (also called pricking) with a micropipette or addition of a calcium ionophore. Poking produced a 1.2-fold increase (from 66 to 85 pmol/cell) that peaked by 5 min after the poke and returned to near basal level by 15 min ( Figure 5 and Table 2 ). This increase in DAG was more rapid than that induced by sperm and poking produced no pronounced second DAG peak at 45 min (compare Figures 2 and 5 ). In addition, poking increased DAG to levels less than that produced by insemination (p < 0.0007). Calcium ionophore also elevated DAG to about the same extent as poking (Table 2) choline but decreased phosphocholine (Table 2) . To compare the oocyte and egg, we also poked oocytes.
Neither choline nor phosphocholine mass changed within 5 min after oocytes were poked.
Prevention of the Fertilization (Ca2+] Increase Did
Not Prevent the Increase in DAG or Choline To examine the mechanism of the increase in DAG and choline, a BAPTA-calcium solution was injected into eggs to prevent any increase in [Ca2+1i (Kline, 1988; Bement and Capco, 1990; Grandin and Charbonneau, 1992; Stith et al., 1994 (Stith et al., 1994) . In the presence of BAPTA, IP3 production at fertilization was actually enhanced (Stith et al., 1994) . When DAG and choline were measured after fertilization of BAPTAinjected eggs, both increased ( Table 2 ). The increase in DAG at 10 min noted in the presence of BAPTA was less (p < 0.0007) than the increase noted after insemination in the absence of the calcium chelator ( Figure  2 ). It is possible that BAPTA fully inhibited the choline or DAG increase but because many sperm entered produced a small increase in choline or DAG that amounted to the value reported in Table 2 . To examine whether multiple sperm entries can increase peak choline or DAG values, we induced various levels of polyspermy (Stith et al., 1994) and used our mass assays. Normal fertilization produces only one sperm entry, whereas fertilization in the presence of 10 mM NaI induces 3-5 sperm entries and 20 mM NaI produces 10 or more entries (Stith et al., 1994) . As compared with control levels (88 ± 4 pmol/egg; n = 4), DAG mass at 15 min increased to 121 ± 11 pmol/ zygote when eggs pretreated with 10 mM Nal were inseminated. Cells that were treated with 20 mM NaI to induce polyspermy demonstrated a similar elevation of DAG (109 ± 3 pmol/zygote) over control levels (p < 0.05). Similarly, our unpublished results show no change in the increase in choline after fertilization in zero or increasing levels of Nal. Thus, increasing numbers of sperm entries did not produce significant increases in the fertilization increase in DAG or choline and this explanation of the BAPTA data was not likely.
PKC Translocation Time Course
Because PKC translocates to the membrane fraction when activated (Nishizuka, 1992) , zygotes were homogenized at various times after fertilization and Western blotting was used to determine the amount of PKC in a membrane fraction. Both the a (Figure 6 , A and B) and ,B ( Figure 6C ) isoforms of PKC translocated at 7-10 min, declined at 60 min, and then remained of BAPTA into eggs (mean ± SEM). The experimental value was multipled by 100 and divided by the average control value. The amount of the change per cell is listed under the relative change (in parentheses). A minus sign denotes a decrease; n.d. means not determined; an asterisk denotes a significant increase over control levels (p < 0.04).
low during first cleavage. Because we could not successfully recover equivalent amounts of protein with eggs covered in jelly, our earliest determination (7 min) after fertilization was delayed due to egg jelly removal.
DISCUSSION
Increase in Choline and DAG at Fertilization After insemination, the magnitude and time of changes in DAG and choline can be compared with those of 1P3 (see summary in Figure 7 ). The increase in 1P3 is maximal by 5 min and the size of the increase was -170 fmol/zygote (Stith et al., 1993 (Stith et al., , 1994 , whereas the maximal increase in DAG occurred by about 10-15 min and was 48 pmol/zygote. Thus, the DAG increase was -280-fold larger than the earlier IP3 increase. In comparison, choline increased at 3 min and peaked at 5 min (at 134 pmol/zygote higher than controls).
By 5 min after fertilization of Chaetopterus eggs, DAG mass increases from -147 to -170 fmol/cell (1.16-fold more than controls; Eckberg and Szuts, 1993) . DAG levels return to basal by 10 min. DAG mass was measured in a manner similar to ours and, to compare our results with theirs, note the surface area of these cells is -140-fold less than Xenopus eggs. Because we record time relative to insemination, our first DAG peak (10 min) may be comparable with their 5-min peak. In a third developmental system (the sea urchin), DAG turnover peaks much more rapidly (occurring within 1 min of insemination; Ciapa and Whitaker, 1986) .
Because PIP2 mass is never greater than 1 pmol per Xenopus zygote (Snow et al., 1994) , production of 48 pmol of DAG from PIP2 would be unlikely. If the increase in DAG derived from PIP2 was equivalent to the measured increase in 'P3 (-170 fmol), DAG would increase from 61 to 61.17 pmol of DAG per cell. In addition, as compared with the DAG peak at 10-15 min, IP3 peaks by 5 min. Exton (1990 Exton ( , 1994 notes that, in various systems, production of DAG from the breakdown of PIP2 is smaller than the increase in DAG derived from PC and that PIP2 breakdown was typically faster than production of DAG from non-PIP2 sources (e.g., PC).
As we have shown that choline mass (a measure of phospholipase D activity) increases after fertilization, production of phosphatidic acid (PA) by phospholipase D, and the subsequent dephosphorylation of PA to DAG (Exton, 1990 (Exton, , 1994 , may be responsible for the initial DAG increase. At this point, the source of the 45-min DAG increase may not be due to the phospholipase D/PA path because choline levels are falling during this period. DAG can also arise from synthesis (action of lipase upon a triacylglycerol or acyltransferase action on a monoacylglycerol), polyphosphoinositide-phospholipase C action on PIP2, or the action of PC-specific phospholipase C (Craven et al., 1990; Stith et al., 1992) . Additional work is needed to determine the source of the two increases in DAG. Cleavage Furrow Formation IP3 (Stith et al., 1993) and choline increased but DAG decreased during first cleavage (Figure 7 ). Because PKC translocation was low and DAG levels were near basal during the extension of the cleavage furrow, elevated DAG or PKC activity does not appear to be required for cleavage. Phosphorylation studies suggest that PKC inhibits cleavage furrow formation (Satterwhite et al., 1992) and a phorbol ester has been found to inhibit cleavage in mouse oocytes (Niemierko and Komar, 1985) . Because phorbol esters rapidly down-regulate at least one PKC isozyme in Xenopus (Sahara et al., 1992) , phorbol ester may induce cleavage furrow formation in Xenopus [for review, Bement and Capco (1989 , 1990 , 1991a Significance of the DAG Changes The timing of the PKC activation is crucial because events such as cortical granule breakdown and cleavage may be due to PKC (see review by Bement, 1992) . In Xenopus, the initial increases in DAG and PKC activation are after the peaks of [Ca2+]i (Busa et al., 1985b) or IP3 (Stith et al., 1993 (Stith et al., , 1994 . In the sea urchin Lytechinus pictus, [Ca2+]i elevates within seconds, yet PKC translocation increases slowly (half-life of 23.3 min) and reaches maximal values 60-100 min after fertilization (Olds et al., 1995) . Because phorbol ester inhibits [Ca21]i release (Swann et al., 1989; Bement and Capco, 1990; Grandin and Charbonneau, 1991) After Xenopus fertilization, both PKCa and 3activity increased at 7-10 min and decreased just before cleavage; DAG mass increased by 7-10 min and decreased during cleavage. However, DAG mass and PKC translocation are not always simultaneously elevated. DAG levels declined at 20-30 min yet the translocation data suggest that PKC activities remain elevated. PKC translocation in other systems has been found to "outlive" increases in DAG (Bazzi and Nelsestuen, 1989; Arnold et al., 1993) and cis unsaturated fatty acids (e.g., arachidonic acid), phosphatidylserine, PIP2, elevated
[Ca2+]i, lysophosphatidylcholine (Nishizuka, 1992) , or a PKC receptor protein may maintain PKC at the membrane. The PKC receptor protein (or RACK) is known to affect Xenopus PKC (Smith and MochlyRosen, 1992) .
There is another discrepancy between DAG levels and PKC translocation; at 60 min after insemination to just before first cleavage, PKC translocation was low yet DAG levels were still elevated. Ayo et al. (1991) found that long-term increases in DAG are associated with lowered PKC translocation and PKC degradation or the lack of cofactors may be responsible.
There are caveats relating to our data on the time course of PKC activation. One is that PKC activation may occur without translocation. Second, other isozymes of PKC may translocate rapidly but these isozymes may not be detected by the PKCa or PKC,B antibodies. Third, our earliest determination (7 min) was delayed; it is possible that PKC translocated and returned to basal levels by 7 min.
Fertilization is associated with an increase in DAG, PKC translocation (both at 7-10 min), and choline (at Summary of 'P3, DAG, and choline changes after fertilization. Choline and DAG average values were obtained from this report whereas 1P3 values were from Stith et al. (1993 Stith et al. ( , 1994 . The letters B (before), E (early), M (mid), and L (late) represent time points just before cleavage or during cleavage (see Figure 4 ). These time points were based on the fact that early cleavage occurred at about 103 ± 26 min.
3 min) but no detectable change in phosphocholine.
Production of DAG involved [Ca2+I-dependent and -independent paths. During cleavage furrow extension across the cell, choline mass peaked whereas DAG mass decreased and PKC translocation was low.
